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(57) ABSTRACT 

A system and method for enabling users and developers to 
store data on a number of different types of local and remote 
devices connected to a multimedia console or a gaming con 
sole. The range of available storage devices creates issues that 
are addressed to avoid apparent inconsistencies in storage 
performance (eg latency). A consistent method of reading 
and Writing data is provided such that end users and develop 
ers do not have to be concerned With restrictions and limita 
tions inherent to various devices. 
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DETERMINING LATENCY AND 
PERSISTENCY OF STORAGE DEVICES AND 

PRESENTINGA SAVE/READ USER 
INTERFACE THROUGH ABSTRACTED 

STORAGE 

COPYRIGHT NOTICE/ PERMISSION 

A portion of the disclosure of this patent document con 
tains material, Which is subject to copyright protection. The 
copyright oWner has no objection to the facsimile reproduc 
tion by anyone of the patent document or the patent disclo 
sure, as it appears in the Patent and Trademark Of?ce patent 
?les or records, but otherWise reserves all copyright rights 
Whatsoever. The folloWing notice applies to the software and 
data as described beloW and in the draWings hereto: Copy 
right@ 2004, Microsoft Corporation, All Rights Reserved. 

FIELD OF THE INVENTION 

This invention generally relates to the ?eld of multimedia 
devices and gaming consoles. In particular, the present inven 
tion is directed to a system architecture in a gaming device 
that provides a single user interface for reading and Writing 
data to multiple, different storage devices. 

BACKGROUND OF THE INVENTION 

In conventional multimedia systems, such as gaming con 
soles, the numerous options to Which data can be saved and 
retrieved presents problems for developers. In particular, 
because of the differences in the latency and persistency of 
storage devices, developers often have to implement different 
processes (and sometimes different user interfaces) to access 
different storage devices. This creates a confusing and incon 
sistent user experience. 

In addition to the above, as storage devices are added and 
removed from the system, it is di?icult to notify applications 
and users of the existence or non-existence of storage devices. 
Further, conventional multimedia systems do not have provi 
sions to add storage devices that may be developed in the 
future. Therefore, neW storage options cannot be added, 
Which may prevent users from storing and retrieving data 
from preferred locations. 

Thus, there is a need for a system and method for providing 
a consistent user experience When saving and reading data to 
and from different storage devices. There is also a need for a 
system for determining the presence of storage devices and 
for determining an estimated time to save data based on the 
speci?cs of the storage device. The present invention provides 
such a solution. 

SUMMARY OF THE INVENTION 

The present invention enables an application user to store 
data to various storage devices (eg hard disk drive (HDD), 
MU, netWorked PC, server storage) that are connected to an 
multimedia/gaming console. Using a storage device UI, the 
user can easily select an appropriate storage device to store 
data. The latency and persistency of storage devices may be 
presented as part of a save/read UI. The UI provides approxi 
mate save times for different storage devices. 

In accordance With the present invention, there is provided 
a method for reading/Writing data from one of multiple, 
diverse storage devices communicatively connected to a mul 
timedia console. The method includes determining a latency 
and persistency of storage devices connected to the multime 
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2 
dia console; detecting an event requesting to read/Write data; 
presenting a user interface displaying the storage devices and 
an estimated time to read/Write the data; and receiving an 
input selecting a particular storage device from Which the data 
is to be read/Written. 

In accordance With features of the invention, a default 
storage device may be set based on the persistency of the 
storage devices. An estimated time to read/Write data to a 
storage device may be derived in accordance With a latency of 
each storage device. A progress status bar may be provided 
during each read/Write to a particular storage device. 
A set of APIs may be exposed to provide a common system 

save user interface (e.g., a simple read/Write) or an applica 
tion-speci?c save user interface (e.g., a ?exible read/Write). 
Silent reads/Writes may be provided for data knoWn to an 
application Where data is read/Written Without user interven 
tion (e.g., a quick or ‘checkpoint’ save). 

Additional features and advantages of the invention Will be 
made apparent from the folloWing detailed description of 
illustrative embodiments that proceeds With reference to the 
accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing summary, as Well as the folloWing detailed 
description of preferred embodiments, is better understood 
When read in conjunction With the appended draWings. For 
the purpose of illustrating the invention, there is shoWn in the 
draWings exemplary constructions of the invention; hoWever, 
the invention is not limited to the speci?c methods and instru 
mentalities disclosed. In the draWings: 

FIG. 1 is a block diagram shoWing a multimedia console in 
Which aspects of the present invention may be implemented; 

FIG. 2 is an exemplary user interface for reading/saving 
data to multiple, different storage locations; 

FIG. 3 is a ?oW chart of the processes performed to read 
data from storage devices; and 

FIG. 4 is a ?oW chart of the processes performed to save/ 
Write data to storage devices. 

DETAILED DESCRIPTION OF ILLUSTRATIVE 
EMBODIMENTS 

FIG. 1 illustrates the functional components of a multime 
dia console 100 in Which certain aspects of the present inven 
tion may be implemented. The multimedia console 100 has a 
central processing unit (CPU) 101 having a level 1 cache 102, 
a level 2 cache 104, and a ?ash ROM (Read Only Memory) 
106. The level 1 cache 102 and a level 2 cache 104 temporarily 
store data and hence reduce the number of memory access 
cycles, thereby improving processing speed and throughput. 
The CPU 101 may be provided having more than one core, 
and thus, additional level 1 and level 2 caches 102 and 104. 
The ?ash ROM 106 may store executable code that is loaded 
during an initial phase of a boot process When the multimedia 
console 100 is poWered ON. 
A graphics processing unit (GPU) 108 and a video 

encoder/video codec (coder/decoder) 114 form a video pro 
cessing pipeline for high speed and high resolution graphics 
processing. Data is carried from the graphics processing unit 
108 to the video encoder/video codec 114 via a bus. The video 
processing pipeline outputs data to anA/V (audio/video) port 
140 for transmission to a television or other display. A 
memory controller 110 is connected to the GPU 108 to facili 
tates processor access to various types of memory 112, such 
as, but not limited to, a RAM (Random Access Memory). 
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The multimedia console 100 includes an I/ O controller 
120, a system management controller 122, an audio process 
ing unit 123, a netWork interface controller 124, a ?rst USB 
host controller 126, a second USB controller 128 and a front 
panel I/ O subassembly 130 that are preferably implemented 
on a module 118. The USB controllers 126 and 128 serve as 

hosts for peripheral controllers 142(1)-142(2), a Wireless 
adapter 148, and an external memory device 146 (e.g., ?ash 
memory, external CD/DVD ROM drive, removable media, 
etc.). The netWork interface 124 and/or Wireless adapter 148 
provide access to a netWork (e. g., the Internet, home netWork, 
etc.) and may be any of a Wide variety of various Wired or 
Wireless interface components including an Ethernet card, a 
modem, a Bluetooth module, a cable modem, and the like. 

System memory 143 is provided to store application data 
that is loaded during the boot process. A media drive 144 is 
provided and may comprise a DVD/ CD drive, hard drive, or 
other removable media drive, etc. The media drive 144 may 
be internal or external to the multimedia console 100. Appli 
cation data may be accessed via the media drive 144 for 
execution, playback, etc. by the multimedia console 100. The 
media drive 144 is connected to the I/O controller 120 via a 
bus, such as a Serial ATA bus or other high speed connection 
(e.g., IEEE 1394). 
The system management controller 122 provides a variety 

of service functions related to assuring availability of the 
multimedia console 100. The audio processing unit 123 and 
an audio codec 132 form a corresponding audio processing 
pipeline With high ?delity and stereo processing. Audio data 
is carried betWeen the audio processing unit 123 and the audio 
codec 132 via a communication link. The audio processing 
pipeline outputs data to the A/V port 140 for reproduction by 
an external audio player or device having audio capabilities. 

The front panel I/O subassembly 130 supports the func 
tionality of the poWer button 150 and the eject button 152, as 
Well as any LEDs (light emitting diodes) or other indicators 
exposed on the outer surface of the multimedia console 100. 
A system poWer supply module 136 provides poWer to the 
components of the multimedia console 100. A fan 138 cools 
the circuitry Within the multimedia console 100. 

The CPU 101, GPU 108, memory controller 110, and 
various other components Within the multimedia console 100 
are interconnected via one or more buses, including serial and 
parallel buses, a memory bus, a peripheral bus, and a proces 
sor or local bus using any of a variety of bus architectures. By 
Way of example, such architectures can include a Peripheral 
Component Interconnects (PCI) bus, PCI-Express bus, etc. 
When the multimedia console 100 is poWered ON, appli 

cation data may be loaded from the system memory 143 into 
memory 112 and/or caches 102, 104 and executed on the CPU 
101. The application may present a graphical user interface 
that provides a consistent user experience When navigating to 
different media types available on the multimedia console 
100. In operation, applications and/or other media contained 
Within the media drive 144 may be launched or played from 
the media drive 144 to provide additional functionalities to 
the multimedia console 100. 

The multimedia console 100 may be operated as a standa 
lone system by simply connecting the system to a television 
or other display. In this standalone mode, the multimedia 
console 100 alloWs one or more users to interact With the 

system, Watch movies, or listen to music. HoWever, With the 
integration of broadband connectivity made available 
through the netWork interface 124 or the Wireless adapter 148, 
the multimedia console 100 may further be operated as a 
participant in a larger netWork community. 
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4 
When the multimedia console 100 is poWered ON, a set 

amount of hardWare resources are reserved for system use by 
the multimedia console operating system. These resources 
may include a reservation of memory (e.g., 16 MB), CPU and 
GPU cycles (e.g., 5%), netWorking bandWidth (e.g., 8 kbs), 
etc. Because these resources are reserved at system boot time, 
the reserved resources do not exist from the application’s 
view. 

In particular, the memory reservation preferably is large 
enough to contain the launch kernel, concurrent system appli 
cations and drivers. The CPU reservation is preferably con 
stant such that if the reserved CPU usage is not used by the 
system applications, an idle thread Will consume any unused 
cycles. 

With regard to the GPU reservation, lightweight messages 
generated by the system applications (e.g., popups) are dis 
played by using a GPU interrupt to schedule code to render a 
UI into an overlay. The amount of memory required for an 
overlay depends on the overlay area siZe and the overlay 
preferably scales With screen resolution. Where a full user 
interface is used by the concurrent system application, it is 
preferable to use a resolution independent of application reso 
lution. A scaler may be used to set this resolution such that the 
need to change frequency and cause a TV resynch is elimi 
nated. 

After the multimedia console 100 boots and system 
resources are reserved, concurrent system applications 
execute to provide system functionalities. The system func 
tionalities are encapsulated in a set of system applications that 
execute Within the reserved system resources described 
above. The operating system kernel identi?es threads that are 
system application threads versus gaming application 
threads. The system applications are preferably scheduled to 
run on the CPU 101 at predetermined times and intervals in 
order to provide a consistent system resource vieW to the 
application. The scheduling is to minimiZe cache disruption 
for the gaming application running on the console. 
When a concurrent system application requires audio, 

audio processing is scheduled asynchronously to the gaming 
application due to time sensitivity. A multimedia console 
application manager (described beloW) controls the gaming 
application audio level (e.g., mute, attenuate) When system 
applications are active. 

Input devices (e.g., controllers 142(1) and 142(2)) are 
shared by gaming applications and system applications. The 
input devices are not reserved resources, but are to be 
sWitched betWeen system applications and the gaming appli 
cation such that each Will have a focus of the device. The 
application manager preferably controls the sWitching of 
input stream, Without knoWledge the gaming application’s 
knoWledge and a driver maintains state information regarding 
focus sWitches. 

During operation of the console 100, users Will be provided 
options to store data to a large number of locations that are 
both local (e.g. MU 146, a hard disk drive, etc.) and remote 
(e.g. netWorked PC, server storage space, etc.). The present 
invention is directed to a system and method of “abstracted 
storage” that generically exposes storage to end users and 
developers. In other Words, storage devices are exposed as 
abstract units to a game/ application on the console 100 While 
alloWing the game/application to discover content related to it 
across all devices. This Way, reading and Writing data occurs 
in a consistent fashion for every storage device. This alloWs 
users to access all potential storage locations that exist in a 
similar fashion. It also makes it unnecessary for developers to 
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be aware of the type of storage device that data is being 
transferring to/from and provides a simple and consistent 
experience for end users. 

The present invention allows an application to discover 
where/if a particular ?le exists simply by knowing a type of 
?le the application is looking for. For example, a user may 
store a “save game” on a device the application/ game has no 
direct knowledge of. When the application/ game starts, it can 
ask the abstracted storage subsystem to ?nd all saved games 
for this user on all available storage devices. Then, without 
knowing speci?cally what device the ?le is on, data is read 
into the application/ game. 

The diversity of these storage types raises issues with 
regard to when storage is treated generically (i.e., saving 
applications to any storage device) and when it is treated 
speci?cally (i.e., while playing an application, writing to a 
memory unit is faster than writing to a networked PC). As will 
be described below, the present invention accounts for the 
speci?cs of each storage device, such as the amount of space 
on the device, latency reading from/writing to the device, and 
the persistence of the device. 

There are many types of data that may be saved to storage 
devices in accordance with the present invention. Those of 
ordinary skill in the art will appreciate that the types noted 
below are provided for exemplary purposes are not an exhaus 
tive list of all types of data. The ?rst type of data includes 
application data such as application saves and title saves. 
Application saves typically result from a user induced event, 
such as a save point and quick saves. Quick saves are ‘check 
point’ saves where users are provided feedback that they have 
reached a ‘checkpoint’ and a save is made. Title saves are data 
from an application title (i.e., a game). Typically, title saves 
result from installing ?les from the application disk to the 
HDD. Title data may also be used to save changes to the 
application environment (e.g., a tree was destroyed during a 
?ght, or an item was picked up, etc.). 

A second type of data are auto-updates. This category of 
data may include security patches for the console 100 or other 
services provide by the console 100. Downloaded Content 
(DLC) is another type and is content provided by developers 
through a network service. These DLCs can range from 
around 1 MB to approximately 100 MB. A fourth type of data 
is user created content. This content may be created on the 
console 100 or a networked personal computer. A ?fth type of 
data is system applications, which provided services to the 
console 100. A sixth type of data is device drivers. 

The following is a non-limiting list of exemplary devices to 
which users can save data. Local devices include memory 
units 146, 148, an internal hard drive 144, a USB drive, ?ash 
memory, an application disk, etc. Remote devices include a 
networked PC (or other computing device), a network service 
storage space, or portable media player device, etc. Each 
storage device has speci?c characteristics that are advanta 
geous and disadvantageous for saving data. The limitations 
and differences for each storage type is managed by the 
present invention as part of the abstracted storage mechanism. 
Some of the limitations include siZe, device location (local vs. 
remote), performance (latency, network speed), reliability, 
and persistency. 

Table 1 below illustrates exemplary storage devices and 
their strengths/weaknesses with respect to the characteristics 
noted above. This table identi?es several devices (e.g., the 
internal HDD and the MU) that are preferable destinations for 
saved data. This information may be used when determining 
“default” storage preferences. 
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TABLE 1 

Storage Device Relia- Persis 
Type Size Location Speed bility tence 

Flash ROM Very Local Fast High High 
Small 

MemoryUnit Small Local Medium High Medium 
Internal Hard Large Local Fast High High 
Drive 
Add-On Hard Large Local Fast High High 
Drive 
Networked PC Large Remote Variable Low Low 
Networked service Large Remote Variable Low Medium 

When the multimedia console 100 has control, it is prefer 
able to imbue each storage device with the information in 
Table 2 that can be used by Read/Write APls (discussed 
below). Additional storage properties may be added. 

TABLE 2 

Storage Persistence 
Device ID Type Level Speed Location Value 

Flash ROM Flash High Fast Local 1 
Application DVD Low Medium Local 2 
Title Disk 
MU Flash Medium Medium Local 3 
Internal HDD High Fast Local 4 
HDD 
Add On HDD High Fast Local 5 
HDD 
Networked HDD Low Slow Remote 6 
PC 
Networked HDD Low Slow Remote 7 
Service 
Storage 
Space 

Table 3 illustrates the speed/latency for accessing data as 
well the speed for reading from/writing to a storage device. As 
can be understood there is a great amount of variability 
between storage devices. The network service storage space 
is the slowest storage device. A 128 k/sec (or even 64 k/sec) 
read/write speed may be used for a base model for saving data 
to that speci?c remote storage destination. This wide variabil 
ity exposes the dif?culty of making all storage devices appear 
generic to the end users. 

TABLE 3 

Latency 
Projections 
by Device Access Latency Read Speed Write Speed 

Memory Unit Under 1 ms 8 MB/Sec 2.5 MB/Sec 

(No Seek Time) 
Internal Hard 15 ms 17-34 MB/Sec Similar speeds 
Drive Seek/Access due to caching 

Time 
Networked PC 10 MB/sec Across Bottlenecked Bottlenecked 

Network plus by Bandwidth by Bandwidth 
HDD Seek Time 

Network Large Variation Bottlenecked Bottlenecked 
Service Server (128 ldsec) by Downstream by Upstream 
Storage Bandwidth Bandwidth 

Using these options advantageously deals with issues of 
persistency, new storage devices and over?ow. Persistency 
issues arise when events such as a user intended removal (e.g. 
pull out MU) and unintended removal (e. g. someone turned 
off the Networked PC) requires developers to generate a 
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range of error messages for end users. Also, a Wireless net 
work may be experiencing interference problems and packets 
are continually dropped Without allowing the end user to 
complete read or Write commands. When a neW device is 
added to the console 100 (such as an internal HDD or a 
netWorked service server storage space), the present inven 
tion checks for neW storage devices every time an application 
reads/Writes data from the console. When a device is full, the 
present invention assigns a default device for end users based 
on other storage devices that are available. Also, an error 
message may be provided to the user. 

Referring noW to FIG. 2, there is illustrated a System Save 
user interface (UI). The UI is called using, e.g., a System Save 
UI API and alloWs the console 100 to provide estimated save 
times to various destinations. The UI of FIG. 2 can be used by 
applications and end users to save data to one of any con 
nected storage devices in response to a user initiated save. It 
may include parameters that alloW the application to set the 
total number of units of saved data (slots) a user can save to. 
The application may chose to add its oWn skin or theme to the 
system UI, etc. 

Referring to FIG. 3, the processes performed on the exem 
plary console 100 Will noW be described for reading data from 
a storage device or devices. At step 200, the console 100 boots 
and the abstracted storage initialization begins at step 202. At 
step 204 the console detects all devices and checks for neW 
devices at step 206. An API (or APIs) may be exposed to 
detect and enumerate all storage devices that are connected to 
the console 100 along With characteristic about each device 
that is present. This API may be responsible for tracking 
insertions/removals of storage device, mounting devices, 
digitally signing data, etc. At step 208, an application is 
inserted into the console 100. At step 210, an application 
manager searches the detected devices for title ID data related 
to the application. At step 212, a Boolean variable is set to 
true/false for each device Where the application title on the 
storage media is equal to application title data on device. A bit 
map is created at step 214 that includes all types of media. 

At step 216, a user or application initiated read occurs. At 
step 218, control is passed to a system application or API to 
enumerate devices and at step 220 the routine loops through 
device structures looking for devices that have storage asso 
ciated With the current Title ID. At step 222, the UI of FIG. 2 
is presented. At step 224, data is read from the mounted 
device. Control is returned to the application at step 226 and 
the read is complete at step 228. 

The present invention provides applications With the 
choice of using a common System Save UI or implementing 
their oWn save UI through exposed APIs. The ?rst choice is a 
simple storage model 230 that is provided as part of a high 
level Simple API. Here, the application calls an API and has 
the bene?t of the System Save UI (FIG. 2). This option pro 
vides the application title With the ability to skin the UI so that 
it ?ts the feel of the application title. In addition, it provides 
via several simple parameters a mechanism by Which to alter 
the UI (e. g. number of save application slots available to end 
user). Simple storage is useful because it alloWs for the appli 
cation title to call a high level API and pass data to the console 
100. The console 100 enumerates storage devices, presents 
standard UI, saves/Writes data, checks for errors and, option 
ally, digitally sign the data ?le. This method is preferable for 
many applications that Want to save simple application data or 
title data and alloWs the application title to avoid dealing With 
a Wide range of errors and issue that may cause problems (eg 
persistent/non-persistent memory devices). 

The second is a ?exible storage model 232 that alloWs the 
application to use loW level APIs for storage, but may call the 
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8 
System Save UI in the process. Flexible storage may be 
preferable for applications that require a richer save data 
protocol, such as multiple ?les, slotted saves, or subdirectory 
creation. The ?exible storage model may be used by applica 
tion programmers that Want to present a unique user interface/ 
experience With the storage process or to provide unique, 
additional functionality not provided in the Simple method. 
Flexible Storage offers applications the ?exibility of access 
ing loW level APIs to achieve their goals but requires that the 
title deal With ?le enumeration and creating a Save/ Write UI. 
Applications that use the Flexible storage APIs may create 
their oWn UI or call a System Save UI API to perform the 
save/ load UI. Regardless of the save model, steps 218-224 are 
performed. 

To perform a simple save, one or more APIs may be pro 
vided. Functionally, a primary API may be called for ?nding 
and reading save data (e. g. application saves, screenshots, 
etc) from all possible storage devices. When the user initiates 
“load data” from an application’s UI, the application calls a 
data read API that may call an application or API to detect 
locations Where possible saved data may be stored. Next, a UI 
is presented With saved data from Which the user may select a 
device having speci?c data. The system then requests the 
device, Where it is determined if the device supports the 
operation requested by the calling API (such as a read/Write 
operation). It is noted that the device may be may automated 
by a system function, such as a media player abstracting the 
physical location of a song. 

If the device acquisition succeeds, a Well-knoWn storage 
location for the content container requested is mounted. In the 
case of a saved game, this may be the user directory of the 
title’ s assigned location on the device. This location Will vary 
for other types of content, but a Well-knoWn location Will be 
assigned for all categories of content on the system. Next, the 
content being requested may be validated. These validation 
checks may include signature veri?cation or ?agging content 
as untrusted in the case of user created content. The content 
may be decompressed if the requested data is already com 
pressed. Error messages, if any, that are appropriate may be 
presented to the user (e.g. netWorked PC no longer available, 
etc). Control then returns to application, Which continues, 
using the saved data as returned by the system UI. 
A “silent” data read may be performed to alloW application 

titles to access an entire data ?le Without calling up the Sys 
tem Save UI of FIG. 2. The user may have already saved to a 
location and the application title knoWs the destination of the 
data. For this type of data read, the application calls an API 
passing, e.g., a unique identi?er, the type of content (e. g., save 
game), and other ?ags associated With the processing of the 
content (i.e. security information). In accordance With the 
present invention, the call to the API may be synchronous or 
asynchronous. The system initiates read for the data ?le and 
mounts appropriate drive for storage device (e. g. a letter drive 
for HDD User data). The system then reads the data ?le and 
passes on to application title. If the storage device does not 
exist the application title presents a UI to reconnect device 
and the application is informed if the data ?le no longer exists 
on device. The system then unmounts the corresponding drive 
and returns control to application Where the application con 
tinues. A similar operation may be performed to read title 
data, hoWever, because title data is stored on a local hard 
drive, it is most likely that the hard drive Will exist at all times. 

To perform a ?exible storage read, a loWer level set of 
storage APIs may be used such that the application is able to 
access storage at a loWer level. The application handles the 
various cases of media insertion and removal, enumeration of 
data across devices and so on. For a ?exible storage read data 
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operation, the following exemplary sequence may occur. 
First, the user navigates to the application UI to load applica 
tion data. The application calls a predeterminedAPl to ?nd all 
available storage devices. The application Ul is populated 
based on data type selected (e. g. screenshots versus applica 
tion saves, etc) and the user selects desired application data. 
The drive is mounted and the application uses APIs to read the 
application data. The application must deal With all error 
messages (e.g. device stops persisting, data read fails due to 
packet loss etc). After the application title completes a data 
read, it informs the system it is done With the data read. The 
system then unmounts the corresponding drive and applica 
tion play resumes. 

To perform a ?exible silent data read, the application title 
reads a data ?le Without calling up the System Save Ul. This 
may be done because an application only Wants to be aWare of 
data in a speci?c directory (e.g. inventory data) and not the 
entire data ?le. This process is used in conjunction With the 
?exible storage save process Where an application title has 
saved a complex data structure (e. g. directory/subdirectory) 
and has already determined a destination Where the data 
resides. The user must have already saved to location and 
application title must knoW destination of data. In performing 
a ?exible silent data read, the application issues a search by 
calling anAPl. The system returns a data structure represent 
ing the data found to the application. The found data may be 
“content type” such as saved game, display name or simply 
“name.” Optionally, a unique identi?er of the user associated 
With the data and a pointer to more data identifying the device 
on Which it is stored may be returned. The application then 
uses one of the data structures in another function call to 
mount the storage device and start reading the data. 

The system initiates read for the data ?le and mounts an 
appropriate drive for storage device (eg a letter drive for 
HDD User data). If the storage device does not exist the 
application title must present a UI to reconnect device and the 
application is informed if the data ?le no longer exists on 
device. Next, the system unmounts the corresponding drive 
and control returns to application. A similar operation may be 
performed to read title data, hoWever, because title data is 
stored on a local hard drive, it is most likely that the hard drive 
Will exist at all times. 

Referring noW to FIG. 4, the processes performed on the 
exemplary console 100 Will noW be described for saving data 
from a storage device or devices. Steps 200-214 are substan 
tially the same as described With reference to FIG. 3. At step 
234, a user or application initiated save/Write occurs. Steps 
218-222 are processed as described above and at step 236, 
data is Written to the mounted device. Control is returned to 
the application at step 226 and the Write is complete at step 
238. 

For Writing data, simple storage 240 and ?exible storage 
242 options are provided. The simple storage save/Write 240 
process begins When the user initiates “save data” from appli 
cation’s Ul (e.g. application save). For this type of data read, 
the application calls an API passing a set of parameters indi 
cating the type of data (eg save game). Flags associated With 
the data that tells the system hoW to process it (eg security 
information to assign to the data), and an identi?er indicating 
the user Who oWns this data. A system application/API takes 
control and checks for possible storage locations and esti 
mates save time. The user either accepts default storage loca 
tion (default storage device is pre-determined) or overrides 
and selects neW location. The system application alloWs users 
to go to a memory management area to deal With devices that 
may be ‘full’ or ‘not enough room available.’ The system may 
digitally sign the data save. 
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10 
Another API may provide an estimated time to save/ load 

based on latency. This value can be used in the save UI to 
calculate the ‘Save Time’ or load time. Speci?cally, this data 
Will be used to provide an ETA for Read/ Write times for end 
users. This estimate Will be used in the System Save UI and 
Will proactively provide end users With useful information on 
save/ load times for various storage devices. For instance, 
during the boot sequence the system softWare could check for 
a netWorked PC and determine the potential speed of the 
connection. At the time that a game or user has data to save the 
system softWare could use a simple algorithm to calculate the 
total time needed to save the data (eg speed of connection 
multiplied by the siZe of data ?le to be Written). It folloWs that 
this type of calculation could be made for every connected 
storage device (eg HDD, MU, server space) and be pre 
sented to the user in the UI and educate the user for the best 
save destination. 

Next, the system Ul Writes the data and responds With 
‘Write complete’ message to System U1. The System Ul deals 
With status bars or other error messages as required. There are 
a Wide range of errors that the system Ul handles, such as 
remote devices becoming unavailable during the save process 
or packets being dropped over a Wireless home netWork. 
Finally, the System Ul ends and returns control to the appli 
cation. A similar operation may be performed to Write title 
data, hoWever, because title data is stored on a local hard 
drive, it is most likely that the hard drive Will exist at all times. 
A simple silent save/Write is performed to prevent the loss 

of title data. The Silent Save occurs after the user has selected 
a storage device. The process for the silent save begins When 
the application has data that needs to be stored. The applica 
tion calls an API and informs the system of the storage des 
tination and data name. A system application accesses the 
location of the original save and mounts the appropriate drive 
for storage device (eg a letter drive for HDD User data). The 
application then ?nds the original data ?le. If the storage 
device is no longer available then the user is presented a U1 
asking them to either reconnect destination storage device or 
pick neW storage destination. Also, if the application cannot 
locate data ?le to overWrite it determines if there is room to 
save. If so, it saves, if not, it presents System Save UI to 
initiate neW save data process. The application then initiates a 
Write for data ?le and the system deals With any errors. The 
system con?rms Write and unmounts the corresponding drive, 
and then the application continues. 
Some applications may desire or require more complex 

data save methods than the simple ‘save data’ method. For 
example, these applications may Want to create subdirecto 
ries, multiple ?les and/or perform limited Writes Within a ?le. 
In order to accommodate these titles, a loWer level set of 
storage APls are used for the ?exible storage 242 save/Write 
option such that applications are able to access storage at a 
loWer level. The application must handle the various cases of 
media insertion and removal, enumeration of data across 
devices and so on. 

The ?exible storage 242 save/Write process begins When 
the user initiates a ‘ save data’ from application’s Ul (e.g. save 
game). The application title checks for available storage 
devices With loW level API that ensures that the console 100 is 
able to add future storage devices. The application title calls 
anAPl to provide an estimate of time to save their data ?le and 
then calls andAPl to alloW the user to select a save application 
name and device and save destination. Next, the system calls 
an API to mount the storage device and control returns to the 
application. 
Once a storage device has been mounted, the name is 

passed back to application. The application uses storage APls 
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to Write data to the device (eg create directory, etc.) to the 
appropriate drive (eg a letter drive for HDD storage). The 
application title calls an API to provide information about 
saved data (eg screenshot versus application save, roamable, 
etc.), and may digitally sign the saved data. The application 
title error checks every Write throughout the application to 
ensure that the device is persistent and that the device has 
enough free blocks. Once the application completes the Write, 
the system is informed and the drive is unmounted so the 
application can resume. 

A ?exible silent save/Write option is provided. The silent 
save can occur after the user has selected a storage device via 
a ?exible save data Write process and is a series of loW level 
APls that Will alloW the application title to overWrite a portion 
of the data ?le on the storage device (eg the ‘inventory’ slot 
on the application). With a silent save, When the application 
title Wants to initiate a silent user save, it passes a storage 
location and name of data ?le to System Which mounts the 
appropriate storage device using anAPl. The system ?nds the 
original data ?le. If the storage device is no longer present, the 
user is presented Ul asking them to either reconnect destina 
tion storage device or pick neW storage destination. If the 
application cannot locate data ?le to overWrite it determines if 
there is room to save. If so, it saves, if not, it presents System 
Save UI to initiate neW simple save process. Control then 
returns to the application. The application title uses storage 
APIs to Write data to the device (eg create directory, etc.) to 
the mounted drive. 

The application then calls an API to provide information 
about saved data (eg screenshot versus application save, 
roamable, etc.) and may digitally sign the saved data. The 
application title error checks every Write throughout the 
application to determine if the device is still persistent and has 
enough free blocks. OtherWise, an error message is displayed. 
The application completes Write and informs the system it is 
done Writing data. The system unmounts the corresponding 
drive and the application resumes. A similar process may be 
used to Write title data. In addition, an option may be provided 
to alloW applications to create their oWn application speci?c 
Ul. 

In addition to the above, doWnloaded content may be stored 
and retrieved using the simple or ?exible read/Write processes 
of the present invention. Auto Updates may be implemented 
Where required doWnloads that are not found on local devices 
are automatically doWnloaded from a server or netWorked 
PC. The advantage for this option is that the implementation 
is transparent to end users. 

User created content, as Well as system applications, driv 
ers, etc. may also be stored and retrieved using the simple or 
?exible read/Write processes of the present invention. Media 
?les can be played or ripped via a Media Player Ul from/to 
user speci?ed storage locations. Device drivers and system 
applications may be stored, hoWever, because these are criti 
cal ?le to operation of the console, they are preferably stored 
to a location that is persistent under all circumstances (e.g., 

ROM).ok 
While the present invention has been described in connec 

tion With the preferred embodiments of the various Figs., it is 
to be understood that other similar embodiments may be used 
or modi?cations and additions may be made to the described 
embodiment for performing the same function of the present 
invention Without deviating therefrom. 

What is claimed: 
1. A method for reading/Writing data from one of multiple, 

diverse storage devices communicatively connected to a gam 
ing console, comprising: 
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12 
determining a latency for each one of the multiple, diverse 

storage devices and assigning each one of the multiple, 
diverse storage devices a persistency level, Wherein the 
persistency level for each storage device is assigned by 
the gaming console, 

and Wherein 
internal hard disk drives of the gaming console are 

assigned higher persistency levels than the persistency 
levels of local memory units that can be disconnected 
from the gaming console, 

local memory units that can be disconnected from the 
gaming console are assigned higher persistency levels 
than the persistency levels of storage devices from 
remote netWorked PCs, and 

storage devices from remote netWorked service servers are 
assigned higher persistency levels than the persistency 
levels of storage devices from remote netWork PCs; 

detecting an event requesting to read/Write data; 
calculating a value for each one of the multiple, diverse 

storage devices, Wherein the value is calculated in accor 
dance With the latency and the persistency level for each 
storage device; 

selecting a default storage device from the multiple, 
diverse storage devices With a highest value; 

presenting a user interface displaying each one of the mul 
tiple, diverse storage devices, an estimated time to read/ 
Write said data to each one of the multiple, diverse stor 
age devices, and the selected default storage device; and 

receiving an input selecting a particular storage device out 
of the multiple, 

diverse storage devices from Which said data is to be read/ 
Written. 

2. The method of claim 1, further comprising determining 
said estimated time in accordance With a latency of each 
storage device. 

3. The method of claim 2, further comprising providing a 
progress status of a read/Write to said particular storage 
device. 

4. The method of claim 2, further comprising determining 
said latency by ascertaining a speed of a connection for each 
storage device to said gaming console. 

5. The method of claim 1, further comprising detecting and 
enumerating storage devices in response to said event. 

6. A computer readable storage medium having stored 
thereon computer executable instructions for reading/Writing 
data from one of multiple, diverse storage devices communi 
catively connected to a gaming console, said instructions, 
When executed by a computer comprises steps for: 

determining a latency for each one of multiple, diverse 
storage devices and assigning each one of the multiple, 
diverse storage devices a persistency level, Wherein the 
persistency level for each storage device is assigned by 
the gaming console, 

and Wherein 
internal hard disk drives of the gaming console are 

assigned higher persistency levels than the persistency 
levels of local memory units that can be disconnected 
from the gaming console, 

local memory units that can be disconnected from the 
gaming console are assigned higher persistency levels 
than the persistency levels of storage devices from 
remote netWorked PCs, and 

storage devices from remote netWorked service servers are 
assigned higher persistency levels than the persistency 
levels of storage devices from remote netWork PCs; 

detecting an event requesting to read/Write data; 
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calculating a value for each one of the multiple, diverse 
storage devices, Wherein the value is calculated in accor 
dance With the latency and the persistency level for each 
storage device; 

selecting a default storage device from the multiple, 
diverse storage devices With a highest value; 

presenting a user interface displaying each one of the mul 
tiple, diverse storage devices, an estimated time to read/ 
Write said data to each one of the multiple, diverse stor 
age devices, and the selected default storage device; and 

receiving an input selecting a particular storage device out 
of the multiple, diverse storage devices from Which said 
data is to be read/Written. 

7. The computer readable storage medium of claim 6, 
further comprising instructions to determine said estimated 
time in accordance With a latency of each storage device. 

8. The computer readable storage medium of claim 7, 
further comprising instructions for providing a progress sta 
tus of a read/Write to said particular storage device. 

9. The computer readable storage medium of claim 7, 
further comprising determining said latency by ascertaining a 
speed of a connection for each storage device to said gaming 
console. 

10. The computer readable storage medium of claim 6, 
further comprising instructions for detecting and enumerat 
ing storage devices in response to said event. 

11. A method for determining latency and persistency of 
one of multiple diverse storage devices communicatively 
connected to a gaming console, comprising: 

determining, by the console, a connection speed for each 
one of the multiple, diverse storage devices during a boot 
process and assigning each one of the multiple, diverse 
storage devices a persistency level, Wherein the persis 
tency level for each storage device is assigned by the 
gaming console, 

and Wherein 
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internal hard disk drives of the gaming console are 

assigned higher persistency levels than the persistency 
levels of local memory units that can be disconnected 
from the gaming console, 

local memory units that can be disconnected from the 
gaming console are assigned higher persistency levels 
than the persistency levels of storage devices from 
remote netWorked PCs, and 

storage devices from remote netWorked service servers are 
assigned higher persistency levels than the persistency 
levels of storage devices from remote netWork PCs; 

detecting an event requesting to read/Write data from a 
video game executing on the console; 

calculating, by the console, a value for each one of the 
multiple, diverse storage devices, Wherein the value is 
calculated in accordance With the connection speed and 
the persistency level for each storage device; 

selecting, by the console, a default storage device from the 
multiple, diverse storage devices With a highest value; 

presenting a user interface displaying each one of the mul 
tiple, diverse storage devices, an estimated time to read/ 
Write said data to each one of the multiple, diverse stor 
age devices determined in accordance With said 
connection speed, and the selected default storage 
device; and 

receiving an input selecting a particular storage device out 
of the multiple, diverse storage devices from Which said 
data is to be read/Written. 

12. The method of claim 11, further comprising providing 
a progress status of a read/Write to said particular storage 
device. 

13. The method of claim 11, further comprising: detecting 
and enumerating storage devices in response to said event; 
and re-determining said connection speed in response to said 
event. 


